To evaluate the correlation of amniotic fluid (AF) markers (AFMs) of intra-amniotic infection with histopathologic findings in cases of preterm labor with intact membranes, between 22 and 36 weeks' gestation.
Histologic chorioamnionitis has been associated with preterm labor and preterm births. [1] [2] [3] Although histologic inflammation is suggestive of intra-amniotic microbial invasion, the results of the few studies available are inconsistent. In some of these studies, the microbial invasion was evaluated only in the placenta and not in the amniotic cavity. [3] [4] [5] Histologic chorioamnionitis has been strongly associated with positive cultures of the chorioamnion. 3 Only two previous studies have addressed the relationship of amniotic fluid (AF) microbiology to histopathologic inflammation. 6, 7 The first study 6 was limited by the transcervical method of AF collection, for which there is an inherent risk of contamination. The membranes in this study were ruptured. The second study used AF culture as the only method of identifying microbial invasion of the AF. 7 The aim of this study was to determine the relationship of several AF markers (AFMs) of intra-amniotic infection (IAI) to the presence and severity of histologic evidence of acute inflammation in patients presenting in preterm labor with intact membranes who delivered within 48 hours of amniocentesis. Such a relationship is important for the assessment of the incidence of IAI in those patients who deliver preterm without the benefit of an amniocentesis. To address this relationship we used a special database of patients presenting in preterm labor with intact membranes. The relationship of gestational age to the prevalence of histologic chorioamnionitis in these group of patients has been reported previously.
8

MATERIALS AND METHODS
This study was conducted at the Division of Maternal Fetal Medicine and Department of Pathology, University of Connecticut Health Cen-
ter. We retrospectively reviewed the charts of patients admitted in preterm labor (22 to 35 weeks' gestational age) with intact membranes between January 1993 and December 1996. Gestational age was estimated by ultrasound dates or by the last menstrual period when no ultrasound dates were available. Those patients undergoing amniocentesis who delivered within 48 hours of the procedure were identified. The practice in our institution is to offer amniocentesis to patients presenting in preterm labor to identify IAI. Informed consent is obtained from the patients before the procedure. The procedures are performed as part of the standard clinical care for the patients and not for research purposes. Therefore, only those patients who consented to the procedure were available for analysis. The AF is then sent for evaluation of the following markers: glucose, Gram stain, polymorphonuclear leukocytes, and culture. The AF is transported to the laboratory in a capped plastic syringe and plated within 30 minutes of collection. The samples are plated on blood agar, chocolate agar, and MacConkey's media for aerobic culture and on blood agar and bacteroides, bile-esculin agar)/laked kanamycin, vancomycin agar for anaerobic cultures. There is always an attempt to isolate mycoplasmas such as Ureaplasma urealyticum. This attempt is made by inoculating AF into Hayflick's media 9 for Mycoplasma homonis and into a differential agar, A7B media 10 , for U. urealyticum. These are media cultured under the anaerobic conditions of 95% N 2 and 5% CO 2 for 7 days before reading. The AF leukocytes are assessed as AF dried onto a slide and stained; a level of Ͼ10/high-power field is the level used in our unit to indicate AF infection. Those patients with evidence of infection are delivered. The placentae of all patients delivering preterm are sent for histologic evaluation.
All patients presenting in preterm labor receive penicillin or clindamycin (if allergic to penicillin) for group B streptococcus prophylaxis until a negative rectovaginal culture result is obtained. None of the patients had any clinical evidence of chorioamnionitis, which is defined by presence of fever, uterine tenderness, purulent vaginal discharge, or leukocytosis. However, the latter was not an exclusion criteria.
The AFMs of IAI were compared with histology. The AFMs evaluated were glucose at Ͻ15 mg/dl, polymorphonuclear leukocytes at Ͼ10/high-power field, Gram stain identification of organisms, and positive AF culture. The placentae were reviewed on three occasions by a pathologist (M. M. M. M. S.) blinded to AF findings. Routine blocks of the placenta include a membrane roll taken from the site of rupture, a membrane roll from the site of rupture to the placental margin, umbilical cord sections both proximal to the baby and proximal to the placenta, two to three sections of the chorionic plate, a full thickness section of the placenta, and two blocks each with several sections of the basal plate. Each specimen was evaluated for the presence of acute placental inflammation, including subchorial inflammation (defined as neutrophils in the subchorial fibrin), acute chorionitis (defined by the presence of neutrophils within the chorionic plate), acute choriodeciduitis (the finding of a neutrophils at the junction of the chorion and chorionic mesoderm in the extraplacental membranes, often accompanying acute inflammation of the parietal decidua), and acute chorioamnionitis (in which choriodeciduitis is accompanied by neutrophilic infiltrates of the amniotic mesoderm and/or epithelium). In addition, the umbilical cord was assessed for the presence of vasculitis (acute inflammation confined to the fetal vessels) and funisitis (acute inflammation in Wharton's jelly). Evaluation of the basal decidua and villi for the presence of acute inflammation was also performed.
Histologic chorioamnionitis was defined as the presence of both subchorial intervillositis and marginating choriodeciduitis ( Figure 1 ). The placentae were graded for severity using a modification of the scoring system ( Table 1) described by Salafia et al. 11 The extent and severity of the acute inflammation was scored from focal (e.g., one aggregate of neutrophils in the subchorial fibrin) to confluent (e.g., a dense band of neutrophils along the subchorial fibrin). The tissue planes of the placenta evaluated include amnionic epithelium, amnionic and chorionic mesoderm, chorionic plate, basal plate, umbilical vessels, and Wharton's jelly of the umbilical cord.
Neonatal outcomes were obtained from our computerized neonatal database. Neonatal sepsis was defined as the positive identification of a microorganisms from the blood culture within 48 hours of delivery. "Presumed neonatal sepsis" was not considered sepsis, as all preterm births at our institution are presumed to be infected. Respiratory distress syndrome was defined by the presence of clinical evidence of tachypnea, chest retractions, need for supplemental oxygen, and bilateral diffuse reticulogranular patterns on chest radiograph. Bronchopulmonary dysplasia or chronic lung disease was defined as infants with increased work of breathing, requiring supplemental oxygen beyond 30 days of age, and was also defined by characteristic chest radiographic findings. Intraventricular hemorrhage (IVH) was defined as sonographic evidence of IVH and was graded by the presence of petechial bleeding limited to the subependymal periventricular white matter or IVH without ventricular distention (grades 1 and 2); grades 3 and 4 were defined as IVH with ventricular distention or intracerebral hematoma with IVH and ventriculomegaly. Necrotizing enterocolitis was defined by the presence of clinical symptomatology such as vomiting, with abdominal distension and bloody stools and radiographic evidence of dilated bowel or gas in the bowel wall (pneumatoses cystoides intestinalis).
The sensitivity, specificity, and positive and negative predictive values for the various AFMs were derived. A receiver-operator characteristic curve was derived using several AF glucose values to predict histologic chorioamnionitis (Figure 2 ).
Statistical analyses of the data were performed using JMP (SAS Institute, Cary, NC). Categorical data were analyzed using the -squared test and Student's t-test for normally distributed, continuous variables. A p value of Ͻ0.05 was considered statistically significant.
RESULTS
During the study period, 1069 patients presented in preterm labor. Of these, 556 had intact membranes, and 181 of these 556 patients (32.6%) had amniocentesis. A total of 88 of these patients delivered within 48 hours of amniocentesis and constitute the study patients. The demographic characteristics of these patients are depicted in Table 2 .
Positive AF culture was detected in 17% of cases, and histologic evidence of acute inflammation was detected in 60.2% of cases (Table  3) . Table 3 also depicts the incidence of positive AF polymorphonuclear leukocytes, Gram stain, and glucose.
The relationship between the severity of placenta inflammation and a positive AFM is illustrated in Table 4 . There was a significant relationship between the presence of a positive AFM of IAI and inflammation of the amnionic and chorionic mesoderm ( p Ͻ 0.0001), chorionic plate ( p Ͻ 0.0001), basal plate ( p ϭ 0.0065), umbilical cord vessels ( p Ͻ 0.0001), and umbilical cord Wharton's jelly ( p ϭ 0.0015). Table 5 displays the diagnostic efficacy of AFMs for histologic chorioamnionitis. The sensitivity of the AFMs for predicting histologic chorioamnionitis was low, but the specificity and positive predictive values were high (92% to 97% and 83% to 92%, respectively).
Using different cutoff levels of AF glucose, a receiver-operatorcharacteristic curve (Figure 2 ) was generated. AF glucose at Ͻ20 mg/dl was the most efficient marker of IAI in predicting histologic chorioamnionitis.
The microorganisms detected in the AF are shown in Table 6 . Fusobacterium nucleatum was isolated in 27% (4 of 15) of the cases with positive AF culture.
The association between histologic chorioamnionitis and the neonatal outcomes did not reach statistical significance (Table 7) . There were four neonatal deaths in the study population: Three deaths were in the group with positive histology; one death was in the group with negative histology.
Comment
The results of our study demonstrate an association between histologic chorioamnionitis and the AFMs of IAI. This association correlated strongly with the severity of histologic inflammation. Severity of the inflammation of tissue sections suggestive of a maternal response to infection (chorionic plate, amnionic and chorionic mesoderm, basal plate, and choriodecidua) correlated as well as the sections that were suggestive of fetal response (umbilical cord vasculitis and inflammation of umbilical cord Wharton's jelly) to the presence of IAI (Table 6 ).
The remaining 93 patients who did not deliver within 48 hours did not meet the entry requirement for this study. They were eliminated so that the findings on histology could be better correlated with those from the amniocentesis and reduce the incidence of confounding infection developing after the amniocentesis. A second reason for eliminating these patients from the study was that most of our patients are maternal transfers who return to their primary physicians if they do not deliver preterm. When they eventually deliver in an outside facility, placenta histology is not necessarily available.
The prevalence of histologic chorioamnionitis in the group of patients delivering within 48 hours of amniocentesis was 60.2%. This is similar to the 61% incidence of recovering microorganisms from placentas in preterm labor reported by Hillier et al. 3 We were unable to obtain the results of all placenta cultures in the study group. However, the prevalence of histologic chorioamnionitis is in excess of the prevalence of positive AF culture in this study population (17%). One previous study postulated that a reason for this discordance may be that not all cases of histologic inflammation are secondary to IAI. 7 Another possibility is that the standard microbiologic techniques used for AF culture fail to detect all cases of microbial invasion. We speculate that the addition of newer techniques for detecting IAI, such as the cytokine interleukin-6, could improve the sensitivity of the AFMs. Hillier et al. 12 demonstrated a relationship between AF cytokines, AF infection, and histologic chorioamnionitis in a study of preterm deliveries. In a recent study by Hitti et al. 13 comparing the detection of bacterial DNA using polymerase chain reaction with AF cultures, it was shown that AF infection could be underestimated based on AF culture, even when optimal methods of culture for anaerobic bacteria and mycoplasma was used. However, this is not the standard of care at our institution. The low sensitivity but high specificity of the AFMs of infection demonstrate that a negative test may not necessarily imply absence of infection, and that a positive test should be considered significant.
The most efficient AFM in this study was AF glucose at Ͻ20 mg/ dl. An AF glucose level of Ͻ15 mg/dl has been the traditional cutoff level used in our unit for diagnosing IAI. This level was also more specific than AF culture in detecting histologic chorioamnionitis.
The most common microorganism isolated from the AF in this study was F. nucleatum. This differs from previous studies, in which mixed infection or U. urealyticum were the most common isolates. 7, 14 The difference could be attributed to a variability of prevalence of microorganisms in different populations or laboratory culture techniques.
The association between histologic chorioamnionitis and neonatal outcomes such as respiratory distress syndrome, bronchopulmonary dysplasia, IVH, and necrotizing enterocolitis was not statistically significant in this study. This observation is consistent with the findings of Hillier et al. 15 who, in their study of neonatal outcomes associated with chorioamnion infection, found a weak association that failed to reach statistical significance. A possible reason for this may be a more significant role of gestation in the etiology of these neonatal outcomes than chorioamnionitis per se; in addition, some of the microorganisms that have been implicated in causing histologic chorioamnionitis and preterm labor may not cause neonatal morbidity; finally, it is possible that most current studies, including ours, lack the power to detect any statistically significant association. Post hoc power analysis revealed that we would need to study Ն112 patients (power of 0.80, ϰ ϭ 0.05, and ␤ ϭ 0.20) to detect a 20% difference in the incidence of any neonatal outcome.
We conclude that there is an association between the AFMs of IAI and histologic chorioamnionitis in those cases of preterm labor with intact membranes. This association correlates strongly with the degree of inflammation of tissue sections of the placenta. Although no marker of IAI predicted all cases of histologic chorioamnionitis, AF glucose was the most efficient and specific. 
